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Objective: To identify the bioactive compounds in catechins isolation and its compo-
nents from green tea GMB-4 clone.
Methods: Green tea GMB-4 clones were extracted with distilled water at 90 C. Samples
were eluted into the column with 10% ethanol. Subsequently, the column was eluted with
95% ethanol and evaporated separately. Green tea extract was identiﬁed by thin layer
chromatography. Catechins were separated by the stationary phase in column chroma-
tography using polyamide with 10% ethanol eluent and 95% ethanol. The results of
isolations were analyzed by high performance liquid chromatographic (HPLC) and LC-
MS/MS. Analysis of catechins by HPLC was done by external standard.
Results: Fraction from 10% ethanol showed that four major peaks at retention time of
1.663, 2.367, 2.950 and 4.890, indicated the presence of four catechins components
including catechin, epicatechins, gallocatechin and epigallocatechin. Whereas, fraction
from 95% ethanol showed two main peaks at retention time of 5.167 and 9.82, which
indicated the presence of epigallocatechin gallate (EGCG) and epicatechin gallate (ECG).
EGCG (m/z 459), epigallocatechin (m/z 307), ECG (m/z 443), and epicatechin (m/z 291)
were isolated and separated successfully using HPLC and LC-MS/MS.
Conclusions: The HPLC and LC-MS/MS methods were successfully tuned for the
qualitative analysis of green tea extract with EGCG and ECG. Four major catechins were
separated and identiﬁed by LC-MS/MS, such as EGCG, epigallocatechin, ECG and
epicatechin. The result of HPLC analysis showed that EGCG and ECG were main
components from catechins isolation of green tea GMB-4 clone.1. Introduction
One of potential antioxidant is catechins isolated from the tea
plant (Camellia sinensis). Tea and Quinine Research Center
Gambung have developed green tea GMB-4 clone with high
levels of catechins (14%–16%) [1]. Furthermore, green tea
GMB-4 clone could be developed as a potential preventive
agent for atherosclerosis. Catechins act as an antioxidant that can
scavenge various free radicals. The antioxidant activity based on
the structure of epimer, hydroxy phenolic and galloyl group.
Catechins with galloyl group is a natural tyrosine kinase in-
hibitor that may change the signaling kinases, ERK1/2, proteinkinase B (Akt), PI3K and p38 mitogen-activated protein kinase
[2]. Phenolic hydroxyl group of catechins can inhibit lipid
peroxidation and fat hydrolysis while galloyl group contributes
to the prostacyclin production, reduction of vascular cell
adhesion molecule-1 expression [3].
Catechins are classiﬁed as monomer ﬂavan-3-ol. Flavonoids
are known as the main biological active compound from green
tea. Catechins levels are 60% up to 80% of the total ﬂavonoid.
The potency of catechins as antioxidant can inhibit the oxidation
of low density lipoprotein, low plasma cholesterol levels and
platelet aggregation [4]. The C2–C3 double bond at the carbonyl
of C ring and the two hydroxyl groups at positions 3–4 of B ring
are main structure for the biological activity of ﬂavonoids. The
ﬂavonoids also play a role in the inhibition of TANK-binding
kinase 1 activity that related to inﬂammatory process [5]. High
content of polyphenols from green tea are potential as
antioxidant. The polyphenol component can contribute to
balancing the low blood pressure and reducing stroke risk andan open access article under the CC BY-NC-ND
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protect from coronary heart disease by reducing blood glucose
levels and body weight [6].
Catechins are a class of catechin compound group consisting
of epicatechin (EC), epigallocatechin (EGC), epicatechin gallate
(ECG), epigallocatechin gallate (EGCG), catechin, galloca-
techin, catechin gallate and gallocatechin gallate. EGCG is a
predominant catechin which has content from 48% up to 55% in
total polyphenols of green tea leaves [3].
Catechins can be identiﬁed by high performance liquid
chromatographic (HPLC) and LC-MS/MS instruments. A HPLC
method with UV detection is commonly used for analyzing
catechins, caffeine, quercetin and gallic acid [7]. Pelillo et al.
analyzed catechins from tea by using HPLC with UV and
MS-electrospray detection [8]. HPLC/MS can be used in the
characterization of ﬂavan-3-ols, ﬂavonoids, quinic esters of
caffeine, thearubigins and alkaloids of different tea [9–11].
2. Materials and methods
2.1. Chemicals and reagents
The EGCG standard was obtained from Sigma–Aldrich. The
mobile phase of LC-MS/MS was 10% ammonia, 99% acetic
acid, 98% formic acid as well as LC-MS grade methanol. For
thin layer chromatography analysis, ethyl acetate, methanol and
chloroform were used. Furthermore, aqua bidest, acetonitrile,
methanol, and glacial acetic acid were used in HPLC analysis.
2.2. Plant material
Green tea GMB-4 clones were obtained from Tea and Qui-
nine Research Center Gambung. Catechins were isolated from
green tea GMB-4 clones in powder form. The isolation proce-
dure was conducted on Laboratory of Chemistry, Faculty of
Science, Bandung Institute of Technology, Bandung, Indonesia.
2.3. Extraction of crude catechins
A total of 25.1 g of green tea GMB-4 clones was added with
500 mL of distilled water at 90 C and ﬁltered with combined
ﬂannel and Buchner funnel. The process was repeated twice to
obtain 1.5 L sample extract [1].
2.4. Isolation of catechins
Sample extracts were eluted into column. The elution results
were collected and a part of solution was persistent on the col-
umn. Furthermore, the column was eluted with 300 mL of 10%
ethanol and the results were collected. The column was eluted
again with 2.1 L of 10% ethanol. The elution was carried out in
stages with each elution of 100 mL. The elution results were
collected into different container and dried in the vacuum oven.
Thus, the column was eluted with 300 mL of 95% ethanol and
the results were collected. The column was eluted with 1.2 L of
95% ethanol and was carried out in stages with each elution of
100 mL. The results were collected into different container then
evaporated. Identiﬁcation of this extract was done by thin layer
chromatography. Eluent in 10% ethanol fraction was ethyl ac-
etate, while the eluent in 95% ethanol fraction was methanol:
chloroform (1:9.4) [1].2.5. Separation of catechins by column chromatography
with polyamide stationary phase
The column was activated to obtain a better separation re-
sults. Separation of catechins with the stationary phase in col-
umn chromatography was done by polyamide with 10% ethanol
eluent and 95% ethanol. Column chromatography separation
with a polyamide stationary phase can separate analyzed com-
pound based on the polarity. About 10% ethanol-water elution
was used for separating catechins with a fairly high polarity,
such as (+) -catechin (C), (−) -EC, (−) -EGC, and (+) -galloca-
techin (GC). Whereas, elution with 95% ethanol was for
desorption of EGCG and ECG from polyamide [1].
2.6. HPLC analysis
The HPLC analysis was used as an external standard method.
Eluent for HPLC analysis was used (aqua bidest: acetonitrile:
methanol: glacial acetic acid = 79.5:18:2:0.5). An ultrasonic bath
was used to remove dissolved gases. EGCG standard solution
was prepared for comparison. Furthermore, analysis of catechins
from 10% ethanol fraction was done by dissolving 1.3 mg of
sample in 3 mL of eluent, while the 95% ethanol fraction was
prepared by dissolving 2.06 mg of the sample in 1 mL of eluent.
Detection with a UV–visible detector was at 280 nm.
The freeze-dried extract, 10% ethanol and 95% ethanol
fraction were analyzed using HPLC to determine the amount of
catechins components by comparing chromatograms of the
samples with the EGCG standard chromatogram. The HPLC
measurement conditions were: ﬂow rate (1 mL/min), the
wavelength (280 nm) and the pressure (3.854 psi). UV–visible
was used as detector in this procedure. The peak area described
the quantity of bioactive compound in the solution [1].
2.7. Preparation of sample for LC-MS/MS analysis
The daily fresh stock solution of catechins was prepared in
concentration of 5.10−3 mol/L. Subsequently, adequate volume
of stock solution was mixed with catechins at a concentration of
5.10−4 mol/L. The mixed solution was injected by initial mobile
phase. The acidic pH of mobile phase enhanced stability of
catechins [12].
2.8. LC-MS/MS analysis
Electrospray ionization (ESI) source was operated in positive
ion detection mode. This is the parameter for positive ion
detection mode (tuning range speciﬁed in the brackets): des-
olvation temperature was 400 C, capillary voltage was 3.2 V,
extractor voltage was 2 V, RF lens (hexapole) voltage was 1.5 V,
nebulisation gas ﬂow rate was 400 L/h, cone gas ﬂow rate was
150 L/h and cone voltage was 20 V. Selected reaction monitoring
was performed with time 150 ms in a transition for positive ion
detection mode: 307 / 139 (CE 15 eV), 291 / 139 (CE
15 eV), 459/ 139 (CE 20 eV), 443/ 139 (CE 15 eV). The
data were analyzed using MassLynx Software version 4.1. The
analytical column C18 BEH (100 mm × 2.1 mm inner diameter;
1.7 lm, Waters, Milford, MA, USA) was kept at constant tem-
perature (35

C) during chromatographic separation and volume
was 1.5 L. The samples were stored at 4 C and included 0.05%
acetic acid eluent [12].
Table 5
The results of the HPLC analysis.
Retention time Active substance
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3.1. HPLC analysis
Catechin analysis was evaluated by comparing to EGCG
standard. The EGCG standard showed high peaks and large
areas at a retention time of 5.153. The freeze-dried extract
showed seven major peaks which indicated the presence of
caffeine, catechin, EC, gallocatechin, EGC, EGCG and epi-
catechin gallate. The 10% ethanol fractions showed four major
peaks at retention time of 1.663, 2.367, 2.950 and 4.890, which
indicated the presence of four components of catechins (cate-
chin, ECs, gallocatechin and epigallocatechin). Whereas, the
95% ethanol fraction showed two main peaks at retention time
of 5.167 and 9.820, which indicated the presence of EGCG and
ECG (Tables 1 and 2).Table 1
Retention time of EGCG standard.
Retention
time (min)
Area
(mV.s)
Height
(mV)
Area (%) Height
(%)
W05
(min)
1.593 1.877 0.193 2.673 × 10−2 0.1 0.22
2.230 0.988 0.207 1.407 × 10−2 0.1 0.12
2.710 7.875 0.937 0.1 0.4 0.18
3.933 369.775 6.788 5.3 2.9 1.04
4.777 126.352 5.377 1.8 2.3 0.46
5.153 6217.442 215.858 88.5 91.6 0.35
9.913 298.675 6.412 4.3 2.7 0.67
Total 7022.984 235.773 100 100
Table 2
Retention time of 95% ethanol fraction.
Retention
time (min)
Area
(mV.s)
Height
(mV)
Area
(%)
Height
(%)
W05
(min)
2.370 44.502 2.635 1.3 2.7 0.25
2.950 87.499 4.056 2.6 4.1 0.38
3.320 198.240 9.239 6.0 9.4 0.34
3.953 231.636 8.778 7.0 9.0 0.34
5.167 1776.353 53.255 53.7 54.4 0.45
7.803 84.918 1.457 2.6 1.5 1.03
9.820 808.5471 7.276 24.5 17.6 0.64
12.487 74.045 1.220 2.2 1.2 1.14
Total 3305.741 97.916 100 100
Table 3
HPLC proﬁle of crude extract from green tea GMB-4 clone.
Retention time Area (mV.s) Height (mV)
A B A B A
5.313 5.280 101.592 103.244 5.169 4
7.160 7.100 77.041 77.041 3.923 536
8.500 8.407 319.985 318.519 15.609 14
12.253 12.060 4350.017 4408.934 141.127 137
26.093 25.973 5238.948 5349.645 101.592 103
A: Crude extract 1; B: Crude extract 2.
Table 4
HPLC proﬁle of catechins isolates from green tea GMB-4 clone.
Retention time Area (mV.s) Height (mV)
C D C D C D
5.307 5.240 123.022 109.517 5.783 5
7.100 7.107 191.343 227.345 7.049 8
8.400 8.293 579.022 598.329 26.170 27
11.980 11.887 3106.552 3132.864 99.773 104
25.307 24.813 2638.326 2728.912 50.014 52
C: Catechin isolation 1; D: Catechin isolation 2.The determination of high peaks and large areas at the
retention time was performed in order to analyze the abundant
compound in the crude extract and the catechin from green
tea GMB-4 clone. The HPLC proﬁle was shown in Tables 3
and 4.
From the results of the HPLC analysis, the comparison be-
tween retention time of each reference spectra identiﬁed the
active substance of ethanol fraction in green tea GMB-4 clone.
Based on these references, it can be concluded active compound
of 95% ethanol fraction was shown in Table 5.5.313 EGC
7.160 Caffeine
8.500 EC
12.253 EGCG
26.093 ECG3.2. LC-MS/MS analysis
The mass spectrum of EC was presented in Figure 1a. The
peak of protonated ion [М+H]+ occurred at m/z 291. The m/z
signal at 291 would be a typical fragment ion detected in the
mass spectrum of EC. The mass spectrum of EGC was presented
in Figure 1b. The peak of protonated ion [М+H]+ occurred at m/
z 307. Furthermore, the peak at m/z 443 and 459 were indicated
as epicatechins gallate and epigallocatechins gallate. A typical
mass spectrum of EGCG was shown in Figure 1c and d. The
mass spectra showed a characteristic product ion of EGCG (m/z
459.1 was the [M+H]+ ion). It was the same with mass spectra
that was reported before [12].Area (%) Height (%) W05 (min)
B A B A B A B
.664 1.0 1.0 1.9 1.7 0.27 0.33
0.7 1.1 1.4 1.3 0.34 0.61
.371 3.1 3.0 5.6 5.3 0.31 0.35
.449 41.7 41.4 50.6 50.4 0.44 0.45
.273 50.2 50.3 36.5 37.9 0.76 0.76
Area (%) Height (%) W05 (min)
C D C D C D
.748 1.8 1.5 2.9 2.8 0.31 0.29
.047 2.8 3.2 3.6 3.9 0.36 0.37
.605 8.4 8.5 13.3 13.3 0.35 0.34
.169 44.9 44.3 50.7 50.3 0.45 0.45
.709 38.1 38.6 25.4 38.6 0.77 0.75
RT: 3.69
AA: 7.69
NL: 1.58E4
m/z = 138.50-139.50 F:
+ c ESI SRM ms2
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Figure 1. Мass spectra of EC (a), EGCs (b), epicatechins gallate (c) and
epigallocatechins gallate (d) (positive ionisation mode).
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Separation of compounds by HPLC depends on the interaction
of analyte molecules with the stationary phase and the mobile
phase. Optimization of HPLC means to ﬁnd the most excellent
conditions of separation. A simple and sensitive reversed phase
HPLC method has been developed for the determination of
catechin and EC in cocoa powder and chocolates [13]. Other
research showed that a rapid method has been developed to
quantify seven catechins and caffeine in green tea (Camellia
sinensis) raw material and powdered extract, and dietary
supplements containing green tea extract using RP-HPLC [14].
Reversed phase of HPLC has the same column with other
phase method, but the silica is modiﬁed to make it non-polar by
attaching long hydrocarbon chains to its surface – typically with
either 8 or 18 carbon atoms in them.A polar solvent is used such as
methanol. In this case, it will be of high attraction between the
polar solvent and polar molecules in the mixture when passing
through the column. But, the attraction between hydrocarbon
chain and the polar molecule will be low. Polar molecules in the
mixture will ﬂow with the solvent normally. Non-polar com-
pounds in the mixture will tend to form attractions with the hy-
drocarbon groups because of van der Waals dispersion forces.
Theywill also be less soluble in the solvent because it needs to lose
hydrogen bond interaction. It makes the ﬂow in the column run
slowly. It means the polar molecules will pass through the column
more quickly [14,15]. The results of HPLC analysis indicate that
EGCG and ECG are the main components of catechins from
green tea GMB-4 clone with retention time at 12.253 and 26.093.
A mass spectrophotometer was run by ionizing the mole-
cules, to separate and identify the ions and their mass to charge
ratio. Two main keys in this process are a source of ions formingand the analysis period separating the formed ions. LC-MS used
different ion sources depending on the components. Ionized
molecules on a spectrophotometer under vacuum condition were
used electron ionization. Atmospheric pressure ionization tech-
nique is widely used for LC-MS analysis. Analyte ions separate
mechanically and electrostatically from neutral molecules.
Common atmospheric pressure ionization is ESI, atmospheric
pressure chemical ionization and atmospheric pressure photo
ionization [16]. The ESI-MS method was used to determine the
bioactive compounds in this extract. The presence of these
compounds were conﬁrmed based on the comparison of m/z
values from the MS2 spectra with the literature. A positive
ionization mode was used for the identiﬁcation of catechins.
Identiﬁcation of peaks of catechins isolates in green tea were
carried out by comparing mass spectra of the standard data and
literature. The results are consistent with research conducted by
Araya-Farias et al. Catechins content in green tea extract show
that M[+H]+ m/z for GC (307.06), EGC (307.09), EC (291.11),
EGCG (459.09), GCG (459.10) and ECG (443.11). Other sup-
porting data are as follows: M[H+]+ m/z GC (307.08), EGC
(307.08), C (291.10), EC (291.12), EGCG (459.10), GCG
(459.07), ECG (443.08) and CG (443.08) [15]. However, ECG
and CG had identical [M+H]+ ions at 443.08 and one peak
only can be observed in MS spectra. It can be concluded that
separation and identiﬁcation of green tea compounds by LC-
MS/MS were successful for identifying four major catechins
(EGCG, EGC, ECG, and EC).
Stereoisomer of catechins can not be determined using con-
ventional LC-MS/MS but should use mass spectrometer with
hydrogen/deuterium exchange reactions which are known to be
very sensitive probe of molecular structure, especially the
conformation. The analysis of mass spectrometer can distinguish
between catechin and EC, gallocatechin gallate and EGCG,
gallocatechin and EGC, catechin gallate and ECG [17].
The HPLC and LC-MS/MS methods were successfully tuned
for the qualitative analysis of green tea GMB-4 clone extract and
its components. The methods provided excellent resolution and
separate catechins group completely. Four major catechins were
successfully separated and identiﬁed as follows: EGCG, EGC,
ECG and EC. The results of HPLC analysis indicate that EGCG
and ECG are the main components of catechins group from
green tea GMB-4 clone.
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